INTRODUCTION
Prevalence of hepatitis C virus (HCV) infection involves about 3% of the global population, or approximately 170 million people [1] . Chronic HCV infection can lead to liver cirrhosis or hepatocellular carcinoma (HCC) in 20%-30% of cases [2] [3] [4] . The HCV life cycle occurs exclusively in the cell cytoplasm, and the HCV RNA genome does not integrate into the host genome [5, 6] . Therefore, the pathogenic mechanisms of HCV include complex interaction of HCV proteins and host proteins, inducing chronic inflammation, inhibition of apoptosis, stimulation of cell proliferation and fibrosis, leading to genetic alteration of hepatocytes, liver cirrhosis and ultimately HCC [7] . In contrast, hepatitis B virus (HBV) has a direct oncogenic effect by integration of HBV DNA into the host genome, causing insertional mutagenesis, in addition to the indirect effects by HBV protein-host interaction.
HCV and HBV have similar transmission routes, and coinfection with HCV and HBV can increase the risk of HCC, compared to HCV monoinfection [8] . Even if serum hepatitis B surface antigen (HBsAg) is negative, HBV DNA can exist in the liver or blood of people in an occult HBV infection (OBI) state. The pathogenic role of OBI in the development of cirrhosis or HCC among patients with chronic HCV infection is still extremely controversial [9] [10] [11] [12] . Moreover, the prevalence of OBI in chronic HCV-infected patients shows a wide range of variation in different global regions [13, 14] . There are no data on the prevalence or effect of OBI in chronic HCV infection in South Korea, an HBV endemic region.
This study aimed to clarify the prevalence of OBI in the blood of patients with chronic HCV infection, and to estimate the association between OBI and liver disease progression defined as development of liver cirrhosis, decompensation (worsening of Child-Pugh class), HCC or mortality among the subjects by prospective observation. We also investigated the HBV genotype on the HBsAg-coding open reading frame of HBV gene (S-ORF) in OBI-positive patients.
MATERIALS AND METHODS

Subjects
This prospective cohort study included 174 consecutively enrolled patients with HBsAg-negative, chronic HCV infection in Seoul National University Bundang Hospital between November 2005 and May 2014. Chronic HCV infection was defined as HCV RNA positivity > 6 mo with HBsAg negativity. Among them, 83 patients were given diagnoses of chronic hepatitis C, 47 patients of liver cirrhosis, and 44 patients of HCC. The diagnostic criteria for liver cirrhosis included the presence of portal hypertension manifested as splenomegaly, thrombocytopenia < 100000/mm 3 , ascites, varices, or hepatic encephalopathy and imaging findings compatible with liver cirrhosis. The diagnosis of HCC was based on histological examination or typical radiographic image findings consisting of arterial enhancement and venous wash-out of hepatic nodules on contrast-enhanced computed tomography (CT) or magnetic resonance imaging (MRI) [15] . HBsAgpositive patients or human immunodeficiency virus coinfected patients were excluded. Informed consent was obtained from all patients, and the study protocol was approved by the Institutional Review Board of the hospital.
Data collection and patient follow-up
At enrollment, data on the demographics, socioeconomic status, alcohol consumption, and smoking habits were obtained using a standard questionnaire. In addition, laboratory tests, ultrasonography or CT examination of the liver was performed for all patients at baseline. Those collected data were entered into the electronic case report form at the Korean HCV cohort study group homepage (available from URL: http://www.hcvcohort. or.kr/). All patients were monitored for clinical status and given laboratory tests and imaging examinations, including ultrasonography, CT or MRI, every 3-12 mo. A total of 72 patients were treated with Pegylated interferon alpha (peg-IFNα) and ribavirin for 24-48 wk according to HCV genotype before the study enrollment (n = 24) and during the study period (n = 48). Survival and mortality, including cause of death, were confirmed using examination of the final medical records, telephone calls to participants or their family members, and death certificate data obtained from the Korean Statistical Information Service [16] . The disease progression was defined as: (1) 
Blood collection and HBV DNA detection
Serum or plasma samples were obtained from 174 patients and stored at -70 ℃. HBV DNA was extracted from 400 μL of serum or plasma using a QIAamp DNA Blood Mini Kit, (Qiagen Inc., Hilden, Germany) according to the manufacturer's instructions. DNA was eluted from the spin column in 50 μL of elution buffer. Nested polymerase chain reaction (PCR) was conducted with AccuPower HotStart PCR PreMix (Catalog No. k-5051; Bioneer Inc., Seoul, Republic of Korea) using 4 sets of primers to detect S, C, P and X regions of the HBV genome (Supplementary Table 1 ). According to the Taormina Expert Meeting Statements [17] , the presence of OBI was defined as proved positivity in 2 or more different viral genomic regions by nested PCR. AM6 plasmid purchased from the Korea Cell Line Bank (positive control) and serum obtained from normal healthy persons or distilled water (negative control) was used. The first round of PCR was performed in a final volume of 20 μL at 94 ℃ for 2 min followed by 35 showing the mean age to be 66.5 years, male sex for 60.3%, and past or current alcohol users of 46.2%. They included 83 patients with chronic hepatitis, 47 patients with liver cirrhosis and 44 patients with HCC. The HCV genotype 1 and 2 were detected in 60 patients (44.4%) and 75 patients (55.6%), respectively. Antiviral therapy with peg-IFNα and ribavirin combination regimen was undertaken in 72 patients before enrollment or during follow-up, and overall sustained virologic response (SVR) rate (defined as undetectable serum HCV RNA at 24 wk after the end of the treatment) was 52.8%. The anti-hepatitis B core immunoglobulin G test was performed in 100 patients, for which 75 patients showed positive results.
Prevalence of OBI and clinical factors related to OBI positivity
The positive detection rate of plasma or serum HBV DNA was 18.4% (32 among 174 total patients) defined as at least 2 positive results on nested PCR among 4 different sets covering 4 ORFs of HBV genomes. The positive rate was not different among 3 different diagnostic categories at enrollment: 14 of 83 (16.9%) in chronic hepatitis C, 12 of 47 (25.5%) in liver cirrhosis, and 6 of 44 (13.6%) in HCC ( Figure 1 ). Therefore, the prevalence of OBI did not parallel the severity of liver disease at study enrollment.
To investigate the clinical factors that might be associated with OBI positivity, we compared various variables including age, sex, body mass index, laboratory results, model for end-stage liver disease score, Child-Pugh score and HCV genotypes between the patients with and without OBI. However, there were no significant differences between OBI-positive and OBI-negative patients, as shown in Table 2 .
Effect of OBI positivity on disease progression and HCC development
During the mean follow-up duration of 37.4 mo, 52 patients showed composite disease progression: 12 patients developed liver cirrhosis from chronic hepatitis; 13 patients developed decompensated cirrhosis (worsening of Child-Pugh class); 14 patients developed HCC; and 13 patients died. As shown in Table 3 , OBI positivity was not a significant factor associated with disease progression in either univariate or multivariate analysis. However, AST > 40 IU/L, increased ChildPugh score at enrollment, and SVR were significantly associated with disease progression in multivariate analysis. Moreover, there was no significant difference in development of disease progression between the patients with or without OBI (Figure 2A) .
Of the 130 patients without HCC at enrollment, there was no significant difference in HCC development between the patients with or without OBI ( Figure 2B ). On multivariate analysis, Child-Pugh score was an independent factor for HCC development (Table 4) .
After exclusion of 34 patients who achieved SVR 52-65 ℃ for 30 s (52 ℃ for S, 58 ℃ for C, 58 ℃ for P, 65 ℃ for X) and 72 ℃ for 30 s, and a final extension step of 72 ℃ for 5 min. Using 5 μL of the first PCR product, the second round PCR was performed under the same conditions as the first round of PCR except for the annealing step temperature (58 ℃ for S, 52 ℃ for C, 52 ℃ for P, 65 ℃ for X). By nested PCR with sets of 10-fold serially diluted AM6 templates, the detection limit was estimated as 54.5 copies/μL of AM6 plasmid.
HBV DNA sequence analyses and genotyping
For 5 OBI-positive samples, the entire S region (the preS1, preS2 and S region) of the HBV genome was amplified by nested PCR using different sets of primers. The PCR products were purified and sequenced to identify the HBV genotype. The condition for the first and second round of PCR was 95 ℃ for 5 min, followed by 30 cycles of 95 ℃ 60 s, 52 ℃ 45 s, and 72 ℃ 90 s with a final extension of 72 ℃ for 5 min.
The PCR products were analyzed by electrophoresis on 1% agarose gels, which were stained with Gel Red, and visualized on a UV transilluminator. The PCR products were sequenced by a commercial sequencing company (Bioneer Inc. 
RESULTS
Patient characteristics
The baseline characteristics of the 174 study patients with chronic HCV infection are summarized in Table 1 , during the study period, OBI was not a significant factor associated with either disease progression, nor HCC development (Supplementary Figure 1) .
OBI positivity according to serological markers of HBV
Anti-HBs and anti-HBc were both evaluated in 87 patients. OBI positivity was 2.9% (1/34) in anti-HBc (+) and anti-HBs (+) patients, 9.4% (3/32) in anti-HBc (+) and anti-HBs (-) patients, 11.1% in anti-HBc (-) and anti-HBs (+) patients, and 15.4% in anti-HBc (-) and anti-HBs (-) patients. Therefore, positivity for anti-HBc alone did not represent OBI positivity.
HBV DNA genotype of HBV strains in OBI-positive patients
In the 32 OBI-positive patients, 5 samples were available for full S-ORF sequence analysis including preS1, preS2 and S gene. The phylogenetic analysis showed that all 5 samples were HBV genotype C2, which was same as the HBV genotype reported in almost all patients with chronic HBV infection in South Korea. [18] , 57% in 100 Portuguese patients [19] , and 15.0% in 167 Japanese patients as determined by nested PCR [13] , and 50% in 44 patients with HCV-related advanced cirrhosis in the United States as determined by real-time PCR [20] . The prevalence of OBI in serum/plasma in HCVrelated liver disease patients was 5.6% (8/141) [21] , 7.8% (11/140) [22] , and 5.2% (9/173) as determined by real-time PCR in Japan [23] , but it was 43.6% (204/468) in one Japanese study that using nested PCR with only one set of primers covering the X region [24] . The OBI prevalence in chronic HCV patients was 45.7% (42/92) in Morocco [25] and 20% (18/50) in Iran [26] , while none of 100 Portuguese patients showed serum OBI [19] . A retrospective study in Taiwan showed that serum OBI prevalence as determined by nested PCR using 3 sets of primers in patients with chronic HCV infection was 14.8% (31 of 210), which did not differ from that of healthy controls (15%, 15/100), and the prevalence of Disease progression defined as: (1) OBI did not parallel the severity of liver disease (14.5% in chronic hepatitis, 8% in liver cirrhosis, and 22% in HCC) [27] . In the present study, the prevalence of OBI in plasma was 18.4% (32 of 174), which did not increase with the severity of liver disease, showing similar results to the Taiwan study consisting of the subjects and detection methods similar to this study.
The variously reported OBI prevalence in patients with chronic HCV infection may be related to the different study subjects, different materials used (liver tissue vs serum), or differences in PCR technology such as nested PCR or real-time PCR using different numbers of primer sets. Our method followed the Taormina Expert Meeting Statements [17] , in which the presence of OBI was defined as proved positivity in 2 or more different viral genomic regions by nested PCR and included adequate positive and negative controls. Previous data suggested that the prevalences of OBI detected in liver tissue were higher than those in blood, though reports of head-to-head comparisons of both methodologies are limited [19, 28] . Integration of the HBV genome into the host genome is a plausible explanation. In addition, risk factors of HCV infection may affect the prevalence of OBI. As shown in the above United States study, a history of intravenous drug abuse (IVDU) was found in 66% of the subjects, as opposed to 1% of our study population. Because HBV and HCV can share the parenteral transmission route, repeated exposure to HBV or HCV during IVDU may result in relatively high frequency of OBI in those subjects rather than those who were infected through perinatal infection as in Korea.
This study showed that OBI prevalence did not increase according to the severity of liver disease (n = 174), and during a mean prospective followup of 38 mo, OBI was not associated with either HCC development or the overall disease progression. However, SVR, Child-Pugh score and AST level were independent factors associated with the disease progression. Even in the patients who did not receive treatment or did not achieve SVR (n = 136), OBI positivity was not associated with either HCC development or disease progression.
The role of OBI in disease progression or development of HCC in patients with chronic HCV infection is still a matter of considerable controversy. Some studies have reported that OBI may contribute to the development of HCC or cirrhosis in chronic HCVinfected patients [9, 10, 18, 21, 23, 24, 29] . In contrast, other reports have shown that OBI is not an important factor in the progression to HCC or cirrhosis [11, 12, 14, 27, 28, 30, 31] . Most previous studies were cross-sectional studies [12, 16, 18, 24] , and a meta-analysis including both prospective and retrospective studies reported that OBI contributed to the development of HCC [32] . A prospective study in Italy showed that among 94 patients who were tested for liver OBI and followed for a median 11 years, HCC developed more often in the OBI-positive group (13/37) than in the OBI-negative group (5/57), and OBI-positive patients had shorter cumulative survival rate than OBI-negative patients. Though this study suggests that OBI may lead to HCC development and lower survival, only 94 among a total 326 original study group were followed (follow-up missing rate of 71.2%) and 79 out of 94 patients underwent antiviral treatment with an SVR rate of 33% (26/79) . Considering that SVR is a strong independent factor for HCC development or survival, more studies are needed to clarify the significance of OBI in HCV-related liver disease progression.
The possible mechanisms of OBI involvement in hepatocarcinogenesis were HBV-induced accelerated inflammation, HBV genome integration in the host DNA, or promoting effect of HBV proteins in malignant transformation. In a woodchuck model, persistently low level of viremia in liver tissue in the absence of woodchuck HBsAg can lead to liver injury and HCC development [33] . However, there has been no clear Moreover, the epidemiology of HCV or HBV is different according to geographic regions or population. For example, the most common mode of transmission of HBV in Korean people has been perinatal transmission, while HCV infection occurs in later life. In contrast, IVDUs in an HBV non-endemic area may be infected by both viruses simultaneously or repeatedly. Those differences in epidemiology may lead to differences in immunological response to OBI in HCVinfected patients in different regions. In this study, a phylogenetic analysis showed that 5 strains from the occult HBV-infected subjects were all genotype C2, which was detected in nearly 100% of chronic hepatitis B patients in Korea. Because of sample availability, only 5 samples among the 32 patients with OBI were evaluated. Several mechanisms have been considered for occult infections by HBV, such as low HBV DNA and HBsAg levels, mutations in HBV DNA sequence, viral DNA integration in the host genome, infection of peripheral blood mononuclear cells, production of immune complexes containing HBV, altered host immune response, and interference of HCV [34] [35] [36] [37] . The present study had several limitations, including being a single center study with relatively small sample size, no availability of liver tissue and no results on quantitative evaluation of HBV DNA.
In conclusion, this study demonstrates that the prevalence of OBI in blood in patients with chronic HCV infection in South Korea was 18.4%, with no significant correlation between OBI positivity and disease progression or HCC. Controversy still exists regarding the role of OBI; therefore, well-designed prospective multicenter studies and experimental studies are warranted.
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COMMENTS
Background
Whether the occult hepatitis B virus (HBV) infection (OBI) affects the outcomes of chronic hepatitis C virus (HCV) infection is controversial. This study aimed to clarify the prevalence of OBI and the association between OBI and liver disease progression in cases of chronic HCV infection.
Research frontiers
The prevalence of OBI in chronic HCV-infected patients has been reported variously in different global regions. The pathogenic role of OBI in the disease progression or development of hepatocellular carcinoma (HCC) in patients with chronic HCV infection is still a matter of considerable controversy. There are no data on the prevalence or effect of OBI in chronic HCV infection in Korea, an HBV endemic region.
Innovations and breakthroughs
The positive detection rate of plasma or serum HBV DNA was 18.4% (32 among 174 patients), defined as at least 2 positive results on nested polymerase chain reaction (PCR) using 4 sets of primers in the S, C, P and X open reading frame of the HBV genome. However, OBI positivity was not a significant factor associated with disease progression. In addition, there was no significant difference in HCC development between the patients with or without OBI.
Applications
This study demonstrates that the prevalence of OBI in patients with chronic HCV infection in Korea was 18.4%, with no significant correlation between OBI positivity and disease progression or HCC. Controversy still exists regarding the role of OBI; therefore, well-designed prospective multicenter studies and experimental studies are warranted.
Terminology
According to the Taormina Expert Meeting Statements, the presence of OBI was defined as proved positivity in 2 or more different viral genomic regions by nested PCR using 4 sets of primers to detect the S, C, P and X regions of the HBV genome. The disease progression was defined as: (1) occurrence of liver cirrhosis, HCC, decompensation (worsening of Child-Pugh class), or mortality in patients with chronic hepatitis; (2) occurrence of HCC, decompensation, or mortality in patients with cirrhosis; and (3) occurrence of mortality in patients with HCC.
